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A bstr a ct
The Ja･pan M ete o rolgical Age ncy glob alatm ospheric m odel(v e rsio nJM A- G S M9603)w a sr un
for a45- m o nth pe riod. Cloud a m o unts a nd r adiativ e且u x es obtainedfo rthis Pa rtic ula r ru n a re
ex amin ed and c om pa rcd with obs er v atio n ala nd othe rdata.
Iti8fo u ndthat･the a m o 11 Ⅱt Ofsho rtw ave radiatio n rea ch ingthe s u rfa c eis ge n e rally m u chlo w er
tha nthatfr oTn S atellite-deriv ed data, e spe ciallyin thelo wlatit-ユde8 0fthe Pa ci五c regio n. T his
isin c o ntr a.st to cle a r- sky co nditiollS Whe rethe m odel a nd obs er v atio n al do w n w a rd shortw a ve
r adia七iv e丘u x es agr e e w ello v e r m u ch ofthe o c ea n s. In this c a se,la rgediffer e n c es a r e c o n丘n edto
pa rts ofthe c o ntinents,s llggeStingthats o m ela nd- r elatedfa.ctors n e edt,o be c o n side r占d ca.r efu lly,
in additio nto clo ud e stim atio n.
Clo11d c o v er
,
which is din.gn o sed fr o m r elativ ehu mi dity,is c alc ulated by a miⅩt11r e Of both
m a xim u m a nd r a ndo m ov erlapplng. T he e x a ctdepe nde n cy ofthe clo ud a m o unts o nthe relativ e
hu midityis v arieda nds e v e ralru n 8 a r cperfor m edu ntilther eis a s uitable m atch betw e e nthe clolld
a m o u nt5 fro mthe m odel a nd fr o mIS C C P data･ Resulting radiative 触 Ⅹesa r e七he n c o mpa r ed
agaih.
Intr odu ctio n
Radiativ e丑u x eswithintheEa rth's atm ospherefo - a nim po rt antdeterminingp artin theglob al
en ergybala n ce a nd affe ctboth atm o spheric a nd o c e a nic cir culatio n s. W iththe tlltim ate aim of
mini mi去ing the n e ed fo rflu x adjtlStm entin atm osphe re- oc e a n c o upled 血 Odels, the a c c u r a cy
ofthe r adiativ e丘u x esfro m the J M Aglobal6Pe Ctral m odel is a s8 eS B ed. T he c o mputed 丑u x es
a re c o mpa red with suitable obs e rv atio n al data･. Til eSu rfa ce Radiatio nBlldget(S R B)S ho rtw a v e
DataPa cknge[1],takenfrom the W o rld Clim a･te Res e a rch Pr ogr a m(W C R P)yields obs er v atio n al
datafo rthe period1985-1988･ Thisis u s edto pr ovide a βet Ofclim atologic al m o nthly m e a ndata
c o n siting m ainly ofshortw a･v e r adiativ e且u x es a nd s11rfa･ce albedo･ On etested algo rithm within
the sho rtw a v edata pa ckageisba,8ed on deltarEddingto n radia,tive tr a n sfer cqu atio n 8.
In addit o n
,
NC E P/N C A Rre a nalysis data[2】forthe period 19821 994 a r e e mployed fo r
lo ngw ave 且u x es･ The Inte rn atio nal Satellite Clo ud Clim atology Pr oje ct(IS C C P)t3】provi de s
cloud data･ with which m odelvalu e s m aybe c o 皿pa r ed･ Data s etD 2tltili2 e 8 a n tlpdated algo ri thm
a ndin clude sda七a withinthre e v e rticalr a nges. Mo nthly m e a n sfor Ja n lla ry1989to De c e mber
1992 a re llSedto calcl血 te cli皿 atOlogical m o nthly m e a ndata. Lo w- , mid- a nd highl e v el clo uds
ar ede丘n edto befo r1000-680,680- 440a nd440-50 hPa pr e$ 8u r e r anges r e SpeCtiv ely･
J M Am odel
Ve rsio nJ M A- G S M 9603oftheJapa n M ete o rolgical Agen cyglobalatm o 8Phe ric m odel w a s r un
fo r a451 m O nthperiod･ Outputdatais m ade a v ailablefo r e a ch5-day period. T hes e a r e s ub e-
qu ently a vera.冨edto obtain m o ntlly m ea ndata.
T he spe ctr al m odel is s et to tria ngula rtru n c atio n at w av e n u mbe r42 fo rthe 4 5- m o nth r u n.
Itis disc r eti2red into30v ertic allev els
,
upto lOlPa, u sing a hybrid v e rticalc o o rdin ate c o n sisting
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of a c o mb inatio n of the sigm a a nd pr ess u r e c o o rdin ate atlo w e r a nd up perle v els re spe ctiv ely.
Suitable para meteriz atio n s che m es ∬ e e mployed fo rthe physicalpr o c ess es. Re visio n sto pre violl B
v ersio n sin cludethefollo w lng Cha ngesto the cle ar- sky r adiation . W ithin the shortw ave r adiatio n
s chem e, abs orptio nby w a.te r v apo u ri6im pr o v ed a nda･bso rptio nby oxygen a nd c a rbo ndio xideis
included. Fo rlo ngw a ve radiatio n,the pres su r edepe nde n c e on the abso rptio n spe ctru m ofc arbo n
dioxide a nd water v apo u rhasbe en r ecti 鮎d. Intr odll Ced is a c orr elatio npa ra m et rto spe cify the
e xte nt of both m a xim u m a nd r a ndo m o v e rlap ping Ofclo ud hyers.
An Araka w a-Schubert Bdl e m eis e mployed to pa r am et ri2iedeep c11 m 111ユS C O n V e Ct,io nin the
atm o sphe re. For tllis pa rticula r ru n ofthe m odel, r e s ults of which a re sho w nlater, the clo ud
Am o u ntis a Sim ple co ntirlu O u Squ adr atic fun ctio n ofthela rge -s c ale r elativ ehu midity[4,5]
cl
･
-(言語)
2
, R , Ro
wi1 er e(プl
,
R and Rc a r ethe cloud a m ol nt, relative lm mi dty a nd criticalr ela,t,iv ehl1mi dity
re spe ctiv ely. The v alu e ofthe criticalr elativ ehumi dity c a nbe r ega rded a sttln able a nd■is s et
atfo u r v ertic al 1ev els･. Rc o - 0.85, Rot - 0.80, Rc2 - 0.6S, Rc3 - 0.80and Rc 4 - 0.90at
the S u rfa c e
,
830 hPa, 600 hPa, 300 hPa a ndtr opopalユS e r espe ctiv ely, with Rc v a ryinglin early
betw e enthelev els.
S bo rtw a ve r adiatio n
T hedo w n w a rd fhx at the stlrfa c e(s e efigu r e1)show sthat ce r七ai一1 r egio n s e xhibitiligh abn o mal-
itiesthrougho ut the ye a r. In pa rtic ular, the Pa ci丘c Oc e a n, n e a rlo wlatitlldes, 8 C e Sthe r adiativ e
8u x u nder estim ated, s o m etim esby r n o rethan 150 Wm
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. other a r ea.s whe rethe a m o u ntis
u llder estim ated a re c o n丘 ed m ainlyto the o c e a･n s, e spe ciallyintheSo uthe rnOc e a ndu ringJa n-
tl a ry･ Ther e a r eals o r eglO n S Whe r ethe r adiativ e且u xis c o=1tin o u slybeing o v e re8tih atcd, altho ugh
the diffe r en c es a r e n ot a s serio u s a stho s ein the Pa cific Oc e a n. T hes e reglO n 8 C a nbefo u nd in
the North A fric a - M iddle East - Ce ntr al Asia a r ea
,
AllStralia. a nd the c o a stal_a r e a s off Pe ru
a nd n o rthe rn Chile. T he se r eg10 n S a r e e x a ctly wher ethe radiativ c a m o unt is high, So もhat the
fr a ctio nalerr o risles s sigTLi丘c aTlt.
T he m ain fe at11re8 0fthe upw a rd fhx at the S u rfa c e a rethe a re a s of■o v e re stim atio n allye a r
rotl nd in Centr al Asia･, AlユStr alia and,to aless er extent, a r o und n o rthe m C hile. Ⅱighval11eS aLr C
c o mputed fo rboth No rth Afric aand Central A8ia･ a ndyet those fo rthefo m er agre efairly w ell
with S R B data ･ T hehighdi8 C rePa n Cyfo rtheIIirn alaya n r egio n,thu sgiv lnga.highal bedo, m aybe
a re sultof difFer e n七s n o w c o v erbtw e e nthe m odel and S R Bandthis sho uld bein v cstigated further
in thefutu re ･ Altholユghthe predicted radiativ e丑u xfr om the sea sis c o mpa rablyin signi且c a nt
(abo ut5to 10 Wm
- 2), the s atellite-deriv ed valu e c a nbetwice asla rge.
T he upw a rd sho rt w eflu x at thetopIS S e v e rely ov e re stim ated abo v ethe s e as, inpa rticular
thePa cific Oc e a n. In gen er al, a re a s Ofov er cstim a七io n c o r respo ndtothos e of under estim atio n of
thedo w nw ard sho rtw a ve radiatio n atthe su rfa c e, s ugge sting o v e r estim a.土ion ofclouds ov erthes e
a r e a s.
In cle a r- sky c o nditio n s,thediffe re n c el) etw e enthedo w n w a rd 且u x es at the s u rfa c efo rtheJ M A
m odela nd fo r s atellite-de riv ed data ha sdr op pedtole sstha nl O% o v e r m o st Of the o c e a n s a nd
is o nly gr e ate rin the So uthe rn Oc e a n･ du ringthe s o uthe rn st m㌣e rs(s e e丘gu r e2)I ln c ontra st
to the abo v e r es ultsfo ral1-sky co nditio n s, thela rgestdis c repa n cleS n o w O C Ctlrm ainly overland
(10-20%)withthe e x c eptio n oftheSo utherT1Oc e a n, eg Afric a adl So uth Am e ric a･ This S uggests
that s o m epr oble m s m aylie with inthetr e atm e nt of su rfa ce effe cts o r atm o spheric c o nditio n s
o v e rla nd
,
egdu sts or othe r a e ro s ols.
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Figur e 1: do w nw ard sho rtw cI Ve r Cldiqtion Qt SUrfqce
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Figu r e2: do w n w q rd sho rtw q v erqdiQtion clt S u rfcl C e(cle o r- sky)
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Lo ngw a v e r adiatio n
Both do w n w a rd■a nd upw a rd lo ngw a v e r adiatio n o nthe stlrface show la rgestdis cr epa n cies With
NC E P data o nla皿d･ The reislitle v ariatio nthT O ughollt theyea･r a ndthedis cr epa n cie spe r ce ntage-
wis e a r e, n o n ethele ss,fairlylo w, e spe ci allyin the upw a rd dir e ctio n.
T he upw a rdlo ngw a,v e r adiatio n at thetop ofthe atm osphe re Sho w c o ntr a stingsitlユationsfo r
all-sky a nd cle a r sky c o nditio n s. On the whole, J M Am odelv allユeS ar elo w e r, withthegre atest
diffe re n c es obs erv ed in the eqtlatOria･1 Pa ci丘c r egio n a nd n o rthe rnAfric a･ Clear- sky valu es are
in v e ry go od agr e e m e nt. M a xim u mdiffere nces, althoughn ot very signi丘ca nt, a r efo u nd ov erthe
Asia n c o ntin ent. .
C lo ud a m ou nts
To pr ovide avalidco m paris o nbetw e e nthe calculated clo udc o vers a nd tho se oftheIS C C P data,
s o m e alte r atio n s a re m ade. Fir8tly, the origin alpr e$ 8u r e r a nge s u s ed forthe de6皿itio n of lo w- ,
mid- and highl ev elclo uds 肝 C Cha nged fro m 1000-830,830-300a nd 300- hPa to m a.tch IS C C P
data, altho ughthis a･1o n e m adelittle n otic e ablediffer en c e. Sec o ndly, clo ud c o v erfor e a chthr ee
le v elisderiv ed fro m the v erticalcle arlin e ofsightfr o mthelev elto the top ofthe m odel【6】･ The
cle a rlin e ofsightisgiv enby:
ca.a - COBRA.a ･ m in(C｡b- 1,(1
一
一 Clb)
＋(1 - C O R Ra.b)･ Ca.b_ 1 I(1 - Clb)
whe r eCa .iis the clea rline of8ight色
･o m v ertica.Ilev el a to vertical level aa nd Clbis the clo ud.
a mou ntbetw e enlev elsら a ndZ)＋1. The cor relatio n variable, C O R Ra.ら,is u s ed iLn the m odelto
pr o vide a v eightfo r r a ndo m and m a xim u m clo-1d ov erlap plng. Co ntrol rn n s､whe rethe clo ud
overlapplng18Set tO eithe r r a ndo m o r m a xlmu m a.r e a,1s ope rfo rm ed. T he totalclo ud am ou nts
u sing m a ximtl m O V erlap pl ng18 V ery Si mi la rto that ofthe o riginalco ntrol ru n. 耳o w ev er, u 8 1 ng
r a ndo m o v e rlapplngyieldsla rgerlo w-lev elcloud am olユnt8, e spe ciallyinthelo w a nd mid latitiude8.
Figu r e3 sho w s clolld ar n o-1ntS for the 皿 Onth of Ja n u a,ry. Ⅱigh1 e v el clo11d8 a r egen er ally
ov er estim a.ted
,
espe ciallyin the tropics. This resultsin an ove restim &tio nin thle total cloud
a m ollnt o v e rthe ce ntral Pa cific regio n･ High-lev el clo ud am ollntin IS CP da.ta is rn o stlyless
tha n0.25. On the otherha nd
,
mi d- a nd lo w-le v elclo ud c o v e r
,
a s c alculated bythe Tn Odel,istoo
lo w, a nd r es ults in the u nde r estim a･tio n oftotalclo -1d a m o u nt o v e r m ost a r e as, e xcept thePa cific
Oc e a n.
C hange sto clo ud a mo u nts
The m odeli日 r e- r un ll Singdiifer ent clotld 訂 IIO u ntS 乱ndthe s ubseqlle nt r adiativ e且u x e s a r e c om -
pa r ed. On e c a.s e u s e ethefollowing vallleSforthe critic alr elativ ehumi dities:Rco - 0.85,Rc l -
0.70, Rc 2 - 0.60, Rc 3 - 0.90 a ndRc 4 - 0.98. High-lev elclollds a re stillo v e restim ated,bu七ha v e
be en reduc ed by abolt0.1. Despitelow eringthe v alu e ofRcin the middlele v els, clotld a 皿 O tlnt8
r e m ainla rgely un cha nsed･ It w a spos sibleto va rylow l e v el clo uds, bllt n Oparticula.r valu ega v e
a n o v e ralls atisfa ctory re sult. Lo w-le v el clo ud a m o u nts o v e rthe n o rthc m Pa ci丘c Oc e a n, Au s-
tr alia andthe s o uthe rn a reas ofA缶ica and SouthArn erica alw ays r e m ain ed e xtre m elylo w. T he
a m o u nt ofsho rtw a v e r aditio n r e a chingthe s u rfa c ein the se a r ea s re m aino v er estim ated, but a
slightlybetter agre e m entis obse rv ed o v e r othe r a re a s. Further cha ngesin Rc res ultedin tlnlユS u-
al1y high a motlntSinlow -level clollds overthe c e ntral Atla ntic Oc e a n. T he upw a rd sho rtw av e
radia-土io n at the top sho w s s o m eim pr o v e m e nt,fo r e x a mple, ov erthe Pa ci丘c Oc e a n.
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Figu re 3: clo ud c ove r(Jq nu q ry)
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Lo w- le ver cloud c o ver: JMA-lSC CP
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Clo ud a m o u nts W e re als o C alcll atcd by choosing s uitable valu e sfor Rc a ndthe tllning pa-
r a m eter, B, such that
c, - B(R - Rc)
2
.
R , Rc b
ln aprevio us version oftlle m odel, Rc a nd aw e re s et to the valu es(0.45,1.6),(0.35,0.6),(0.3,
0.3)a nd(0･15, Ot7)within tilefo u r v ertic al lev els, fr om thelo w e rto the upper. Tile re Sultillg
clo ud a m o u ntsfo rlo w- a nd mid-lev els w er e e v e nlow er. W ith othe r vallleS,it w a spossible to
obtain abette rdistributio n a cro s the v ertic al le v els, Ⅱo w e v er, theho ri名O ntal distributio n stiu
po sed s o m epr oble m 8 a nd sho rtw a v e r 乱diativ efhx es did notim pr ov e Signific a ntly. Fo r ex a mple,
low -lev el clo ud a m o u nt,8 r e main edto olo w o v erAu str alia 乱nd the northe m Pa ci且c Ocea n.
Su m m ary
T he c ontr ol ru nfor versio nJ MA - G S M 9603 oftheJ MA m odelyields a n tLn u S u auyl rge a m o u nt
of highllevel clouds,in partic ular, o v er the c e ntr al Pa cific Oc ea n. Shortw av e r aditio n re adling
the s u rfa c e ofthe o c e a ni8 C O nSequ e ntlydecre ased, whilst the llPW a rd fhx is o v e r estim ated.
Apartfr o mthis reglO n, the B O n al m e an sho rt w e r e ceiv ed at the m rfa c e c o mpaR e 5 W ell. Ov er
80 m e a r e a s, eg Au str alia, thedo wn wd 8ho rtw a v c r adition rc main 8too higha nd c a n o nlybe
c orrected byin cr e a 61ng O v erlyinglo wl e v elclollds which c 即1n Otbe a血ie v ed e a 8ily. Diqc r e n c es
in the sho rtwav e radia･tion a nd S u rfa ce albedo als opoint to po siblepr oblern 8with S n o w C o v e r.
Radiativ eflu x eswithin cle a r- sky c o nditio n 8genera>11y丘tw ellwiths ateuite-deriyed data, e x c ept
ov e rla nd which 8 ugge 8七8 that the re m ay be s o m eproble m swith a,tm o sphe ric co nditio n s o v er
la nd, eg a e ro s ols.
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